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Description 

Method for transmitting at least one first and second data signal in 
polarization multiplex in an optical transmission system. 

5 

In optical transmission systems, the transmission capacity of an 
optical transmission system which already exists can be enhanced by 
transmitting the optical data signals in polarization multiplex. For 
the purpose of transmitting optical data signals in polarization 

10 multiplex, in each case two carrier signals are generated with the same 
wavelength in at least one transmission arrangement, each of them being 
modulated by a data signal. Here, the first and second modulated 
signals are polarized orthogonally to each other. The orthogonally 
polarized modulated signals are combined into one optical polarization- 

15 multiplexed signal. This optical polarization-multiplexed signal is 

injected into the optical transmission fiber and is transmitted along 
the optical transmission link to a receiving unit. At the receiving 
end, the two orthogonally polarized modulated signals are recovered 
from the polarization-multiplexed signal on the basis of their 

20 wavelength and polarization. 

In this situation, the retrieval of the two orthogonally polarized . 
modulated signals from the polarization-multiplexed signal represents 
one of the problems in the polarization-multiplexed transmission of 

25 optical data signals. For this purpose a feedback criterion must be 

determined, from the optical multiplex signal which is transmitted, for 
use in controlling a polarization control element arranged at the 
receiving end. With the help of this polarization control element, 
controlled by reference to the appropriate, feedback criterion, and for 

30 example a downstream polarization splitter or a polarization filter, 
the two modulated signals which are polarized orthogonally to each 
other are separated. 



Various feedback criteria are known for controlling the separation of 
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the two orthogonally polarized signals at the receiving end. The 
publication ^'Optical polarization division multiplexing at 4GB/S" by 
Paul M. Hill et al., IEEE Photonics Technology Letters, Vol. 4 No. 5, 
May 1992, discloses the use of coherent techniques in combination with 
5 pilot tones for the purpose of reconstructing, or separating, as 

applicable, polarization-multiplexed optical signals. In addition, the 
publication ''Fast Automatic Polarization Control System", Heismann and 
Whalen, IEEE Photonics Technology Letters, Vol. 4 No. 5, May 1992, 
discloses a separation of polarization-multiplexed optical signals by 

10 reference to a correlation signal generated from the clock pulse which 
is recovered together with the optical signals received. In addition, 
the German patent application 10147892.5 discloses a frequency shift 
method for separating polarization-multiplexed optical data signals at 
the receiving end, in which use is made at the transmitting end of two 

15 carrier signals which have a diff erential . frequency and, for the 

purpose of separating the two data signals at the receiving end, the 
spectrum of the data signals transmitted at the differential frequency 
is analyzed for the purpose of controlling a polarization control 
element . 

20 

In addition to this, the publication by Mike Sieben et al., ''Optical 
Single Sideband Transmission at 10 Gb/s Using Only Electrical 
Dispersion Compensation", Journal of Lightwave Technology, Vol. 17, No. 
10, October 1999 discloses a method for single- sideband transmission of 

25 optical signals, in which an optical single-sideband signal is 

generated at the transmitting end from a digital baseband signal with 
the help of at least one Mach-Zehnder modulator, using a Hilbert 
transformation. By the transmission of a single sideband, the non- 
linear effect of fiber chromatic dispersion is reduced, .and the optical 

30 bandwidth is increased. 



The object of the invention is to be seen as the specification of a new 
type of method for the transmission of high bit-rate optical signals in 
polarization multiplex with an increased transmission bandwidth. 
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The starting point for achieving this object is a method according to 
Claim 1. 

5 The essential, advantage of the method in accordance with the invention • 
is to be seen in that, for the purpose of transmitting at least one 
first and second data signal in polarization multiplex in an optical 
transmission system, in a first step at the transmitting end the first 
data signal is modulated onto a sideband of a first carrier signal to 

10 generate a first sideband modulated signal and the second data signal 
is modulated onto a sideband of a second carrier signal to generate a 
second sideband modulated signal. In a second step, the first and 
second sideband modulated signals are polarized orthogonally to each 
other, and are combined into one optical multiplex signal and 

15 transmitted. In a third step, at the receiving end, the optical 
multiplex signal is fed via a polarization control element to a 
polarization splitter which separates out the optically multiplexed 
signal which was transmitted into the first and second modulated 
signals. In addition, in a fourth step, the first sideband modulated 

20 signal is converted to a first electrical signal and/or the second 

sideband modulated signal is converted to a second electrical signal 
and, in a fifth step, the first and/or the second electrical signal is 
analyzed and, dependent on it, at least one control signal is derived 
for the purpose of controlling the polarization control element. 

25 Advantageously, the method according to .the invention enables data 
signals to be transmitted with a high spectral efficiency. The 
combination according to the invention of single sideband or vestigial 
sideband modulation, as applicable, together with the optical 
polarization-multiplexing technique results in advantageously increased 

30 tolerance ranges for the optical transmission system with respect to 
the non-linear effects of, for example, fiber chromatic dispersion. 

It is advantageous that the transmission of the two optical data 
signals makes use of two carrier signals which differ by a differential 
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frequency. At the transmitting end, for the purpose of analyzing the 
first and/or the second electrical signal, the spectral component of 
the first and/or the second electrical signal is determined at the 
differential frequency. For the purpose of effecting exact separation 
5 at the receiving end of the first and second sideband modulated 
signals, transmitted in polarization multiplex, at least one 
polarization control element arranged at the receiving end is 
controlled, taking advantage of the characteristic of an opto-electric 
converter, for example a photodiode, that it raises to a power of two, 

10 to provide a feedback criterion. Because of this 'squaring' 

characteristic, the electrical spectrum of the electric signal 
delivered at the output from the opto-electric converter contains 
unwanted spectral components if the separation of the two sideband 
modulated signals transmitted in polarization multiplex, carried out 

15 with the help of the polarization splitter, is not exact. These 

spectral components, which lie at the differential frequency, arise in 
both the first and the second electrical signals. The amplitude of 
these spectral components is analyzed for the purpose of forming at 
least one control signal, for controlling the polarization control 

20 element. In this case, the polarization control element is, for 

example, controlled with the help of the one or more control signals in 
such a way that the spectral component arising at the differential 
frequency is minimized. Using a sharp feedback criterion of this type 
it is possible to effect the most exact possible separation at the 

25 receiving end of the sideband modulated signals transmitted in 
polarization multiplex. 

It is advantageous if the first or the second sideband modulated signal 
is delayed at the transmitting end, which achieves an effective 
30 decorrelation of the first and second sideband modulated signals. By 
this means, the sharpness of the feedback criterion is further 
increased. 

A further advantage of the invention can be seen in the fact that for 
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the purpose of distinguishing between the first and the second 
electrical signal, at least one pilot tone signal is superimposed on 
the first and/or the second carrier signal at the transmitting end. As 
an advantageous alternative, a pilot tone with a defined frequency is 
5 superimposed on the first and/or the second sideband modulated signal, 
by reference to which, after the first and second sideband modulated 
signals have been separated at the transmitting end with the help of 
the polarization splitter, and the conversion into a first and a second 
electrical signal, it is possible to effect an unambiguous 

10 identification of the first and second electrical signals themselves. 
Alternatively, for the purpose of distinguishing between the first and 
second electrical signal, the first and second data signals can be 
transmitted with different bit transmission rates or data formats. In a 
further alternative form of embodiment, the first and second data 

15 signals have different bit transmission rates, so that at the receiving 
end each of the electrical signals can advantageously be identified by 
reference to the assigned transmission rate. 

Additional advantageous embodiments of the method in accordance with 
20 the invention will be found in the further Claims. 

Exemplary embodiments of the method in accordance with the invention 
and of the optical transmission system in accordance with the invention 
are explained in more detail below by reference to a schematic circuit 
25 diagram and several diagrams. 

Figure 1 shows an example of an optical transmission system for 



30 



Figure 3 



Figures 2a-d 



the transmission of at least one first and one 

second data signal modulated onto a sideband of carrier 

signals, in polarization multiplex, 

show examples of the power spectra of the first and 
second sideband modulated signals, and 

shows a graph of the amplitude of the spectral component 
determined at the differential frequency as a function 
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of the angle of polarization. 

Figure 1 shows a schematic diagram of a typical optical transmission 
system OTS, which has a transmission arrangement SA and a receiving 
arrangement EA connected to it via an optical transmission fiber OF. 
The transmission arrangement SA includes , for example, a first and a 
second data unit Dl, D2 , an optical signal generation unit OSU, an 
optical splitter unit SU, a first and a second modulator unit MUl, MU2 , 
a first and a second optical sideband filter unit OSBFl, 0SBF2 , a 
polarization controller PC and a polarization multiplexer PM. The 
receiving arrangement EA incorporates a polarization control element 
PTF, a polarization splitter PBS, a first and a second opto-electric 
converter RXl, RX2 , a first and a second filter unit FUl, FU2, together 
with a control unit CU. The control unit CU has in addition a 
measurement and analysis unit MBU. 

The first data unit Dl of the transmitting arrangement SA is connected 
to the first modulator \init MUl, which is connected via the first 
optical sideband filter iinit OSBFl and the polarization controller PC 
20 to the first input il of the polarization multiplexer PM. The second 
data unit D2 is connected to the second modulator unit MU2 , which is 
connected via the second optical sideband filter unit 0SBF2 , and 
optionally via a delay element D, to the second input e2 of the 
polarization multiplexer PM. The optional nature of the delay element D 
25 is indicated in Figure 1 by it being drawn in dashed lines. In addition 
to this, a first and a second electrical sideband filter unit ESBFl, 
ESBF2, may also be optionally provided, these being connected in 
respectively between the first data unit Dl and the first multiplexer 
MUl or between the second data \init D2 and the second multiplexer MU2 . 
30 There is a choice of using either the first and second electrical 
sideband filter units ESBFl, ESBF2 or the first and second optical 
sideband filter units OSBFl, 0SBF2, for the purpose of generating 
respectively electrical or optical sideband signals. 
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The optical signal generation xinit OSU is connected via the optical 
splitter unit SU, which typically has a splitting ratio of 1:2, to the 
first and second modulator \inits MUl, MU2 . 

Connected to the output e of the polarization multiplexer PM is the 
optical transmission fiber OF, the output from which is fed to the 
input i on the polarization control element PTF of the receiving 
arrangement EA. Here, the optical^ transmission fiber OF may incorporate 
several optical fiber transmission sections - not shown in Figure 1. 

The output e on the polarization control element PTF is connected to 
the input i of the polarization splitter PBS. The first output el of 
this is connected to the first opto-electric converter RXl and its 
second output to the second opto-electric converter RX2 . The first and 
second opto-electric converters RXl, RX2 are connected respectively to 
the first and second filter units FUl, FU2 . The first filter unit FUl 
and the second filter unit FU2 are connected respectively, for example 
via a first and second control line RLl, RL2 respectively, to the first 
and second inputs il, 12 of the control unit CU, the output e from 
which is connected via a control line SL to the control input ri on the 
polarization control element PTF. For the purpose of analyzing the 
received electrical signals, the control unit CU has for example a 
measurement and analysis unit MBU. 

An optical signal os is generated in the optical control unit OSU, this 
optical signal taking the form of a "white light signal" having a 
constant frequency or an optical pulse signal. The optical signal os is 
transmitted to the optical splitter unit SU and is split into, a first 
and a second carrier signal tsl, ts2 . Here, the first and second 
carrier signals tsl, ts2 have the same frequency fi, f2. Alternatively, 
two separate optical signal generation units 0SU1,2 - not shown in 
Figure 1 - can be provided, for use in generating first and second 
carrier signals tsl, ts2 , these being at a first and a second frequency 
fi, f2, which are offset by a differential frequency Af . The first 



2 001P09973WOUS PCT/DE2 003/ 002272 

8 

carrier signal tsl is transmitted to the first modulator unit MUl and 
the second carrier signal ts2 to the second modulator unit MU2 . 

In the first data unit Dl, a first data signal dsl is generated in a 
5 first data format - for example in the return-to-zero (RZ) data format 
- this being fed from the first data unit Dl to the first modulator 
unit MUl. The first modulator unit MUl modulates the first data signal 
dsl onto a sideband of the first carrier signal tsl, thereby generating 
a first sideband modulated signal msl, which is routed via the first 
10 optical sideband filter unit OSBFl and the polarization controller PC 
to the first input il on the polarization multiplexer PM. 

In an analogous way to this, a second data signal ds2 is generated in 
the second data unit D2 , also in the first data format or in a second 

15 data format - for example the non-return-to-zero (NRZ) data format - 

and is transmitted from the second data unit D2 to the second modulator 
unit MU2. In the second modulator unit MU2 , the second data signal ds2 
is modulated onto a sideband of the second carrier signal ts2 , and 
hence a second sideband modulated signal ms2 is formed, which is fed 

20 via the second optical sideband filter unit OSBFl and optionally via 
the delay element D to the second input 12 on the polarization 
multiplexer PM. 

Here, the modulation of the first and second carrier signal tsl, ts2 
25 respectively by the first or second data signal dsl, ds2, can be 

effected using either single sideband modulation or vestigial sideband 
modulation. The transmission characteristics of the first and second 
electrical sideband filter units ESBFl, ESBF2 or of the first and 
second optical sideband filter units OSBFl, 0SBF2., as applicable, are 
30 adapted for the sideband modulation method used in each case. In this 
way, the sideband required for the transmission of the first or second 
data signal dsl, ds2 , as applicable, is filtered out before or after 
the modulation, using respectively the first and second electrical 
sideband filter unit ESBFl, ESBF2 or the first and second optical 
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sideband filter unit OSBFl, 0SBF2 , whereby the sideband modulation is 
effected, for example, with the help of a Hilbert transform - in this 
connection see the publication by Mike Sieben et al., ''Optical Single 
Sideband Transmission at 10 Gb/s Using Only Electrical Dispersion 
5 Compensation", Journal of Lightwave Technology, Vol. 17, No. 10, 
October 1999. 

When the first and second sideband modulated signals msl, ms2, are 
generated, their polarizations, are preset in such a way that they are 
polarized orthogonally to each other, and hence can be transmitted in 
polarization multiplex over the optical transmission fiber OF to the 
receiving arrangement EA. For the purpose of orthogonalizing the 
polarization of the first and second modulated signals msl, ms2, 
polarization controllers PC can for example be provided at the 
receiving end. If the first and second carrier signals tsl, ts2 are 
generated by two separate optical signal generation units OSU, then a 
polarization controller PC is not absolutely necessary because it is 
possible, with the help of modern optical signal generation units OSU, 
to generate optical signals which already have a prescribed 
polarization. 

In the exemplary embodiment, the polarization controller PC ensures 
there is an orthogonal polarization relationship between the first and 
the second sideband. modulated signals msl, ms2, whereby either as an 
25 alternative or additionally a polarization controller PC can be 

arranged between the second optical sideband filter unit 0SFB2 and the 
polarization multiplexer. Optionally, the delay element D delays the 
second sideband modulated signal ms2, by which means the first and 
second sideband modulated signals msl, ms2 can be decorrelated at the 
30 transmitting end. 

With the help of the polarization multiplexer PM, the first and second 
sideband modulated signals msl, ms2 are combined to form one optical 
multiplexed signal oms, which is fed into the optical transmission 
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fiber OF at the output e from the polarization multiplexer PM. The 
first and the second sideband modulated signals msl, ms2 are then 
transmitted in polarization-multiplexed form over the optical 
transmission fiber OF in the form of the optical multiplex signal oms. 

5 

In the receiving arrangement EA, the optical multiplex signal oms is 
fed to the input i of the polarization control element PTE, which can 
be used to control the polarization of the transmitted first and/or 
second sideband modulated signals msl, ms2 within the optical multiplex 

10 signal oms. After the polarization of the transmitted first and/or 

second modulated signals msl, ms2 has been adjusted within the optical 
.multiplex signal oms, this optical multiplex signal oms is fed to the 
input i of the polarization splitter PBS, which breaks the optical 
multiplex signal oms into the first sideband modulated signal msl* and 

15 the second sideband modulated signal ms2*. The accuracy with which the 
optical multiplex signal oms is broken into the first sideband 
modulated signal msl* and the second sideband modulated signal ms2* 
depends on the orthogonality of the polarization of the two signals 
msl*, ms2*. 

20 

The first sideband modulated signal msl* is delivered to the first 
output el of the polarization splitter PSB, and is routed to the first 
opto-electrical converter RXl . In an analogous way to this, the second 
sideband modulated signal ms2* is delivered to the second output e2 of 
25 the polarization splitter PSB, and is transmitted to the second opto- 
electrical converter RX2 . 



The first and second sideband modulated signals msl*, ms2* thus 
recovered are converted by the first and second opto-electric 
30 converters RXl, RX2 respectively into first and second electrical 

signals esl, es2, which are routed respectively to the first and the 
second filter units FUl, FU2 . 

With the help of the first and the second filter units FUl, FU2 , a 
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selected spectral component of the first and the second electrical 
signals esl, es2, is filtered out, and the filtered first and second 
electrical signals eslp, es2F are transmitted via the first and second 
control lines RLl, RL2 to the control unit CU. 

5 

In the control unit CU, the measurement and analysis unit MBU is used 
to determine the amplitude of the filtered first and/or second 
• electrical signals eslp, es2F, and the amplitude (s) then analyzed. On 
the basis of the result of the analysis, at least one control signal rs 

10 is formed for use in controlling the polarization control element PTF, 
and this is fed via the control line SL to .the control input ri on the 
polarization control element PTF. For the purpose of forming the 
control signal rs it is possible to measure and analyze, for example, 
the voltage amplitude or the current amplitude or the power amplitude 

15 of the filtered first and/or second electrical signal eslp, es2F. By 
this means, the polarization of the optical multiplex signal oms is 
adjusted by the polarization control element PTF, which is controlled 
by the control signal rs, in such a way that the amplitude of the 
filtered first and/or second electrical signal eslp, es2F, determined 

20 by the measurement and analysis unit MBU of the control unit CU, 
becomes minimal. This means that the receiving arrangement EA, " 
consisting of the polarization control element PTF and the polarization 
splitter PBS for separating out the first sideband modulated signal msl 
and the second sideband, modulated signal ms2, is optimally adjusted. 

25 

Here, the control by the polarization control element PTF can be 
effected in different ways, for example by pilot tone methods, 
correlation methods and interference methods. Particularly preferred is 
control in accordance with the frequency shift method (in this 
30 connection see the preamble to the German patent application 

10147892.5). With control of this type, the first and second carrier 
signals tsl, ts2 of the first and second sideband modulated signals 
msl, ms2 have a differential frequency Af . Because of the squaring 
characteristics of the first and second opto-electric converters RXl, 
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. RX2, a spectral component is generated at the differential frequency 
Af . If the polarization control element PTF is optimally adjusted, 
these spectral components of the first and second electrical signals 
esl, es2 have a minimum, or are no longer measurable, as applicable. 
5 Hence, the first and second filter units FUl , FU2 filter out these 

relevant spectral components of the first and second electrical signals 
esl, es2, at the differential frequency Af, and the amplitudes of the 
filtered first and/or second electrical signals eslp, es2F/ are 
determined by the measurement and analysis unit MBU. For this purpose, 

10 the first and second filter units FUl, FU2 are, for example, arranged 
as band pass filters with a differential frequency Af corresponding to 
the central frequency fn (in the exemplary embodiment under 
consideration fw = 10 GHz, for example) and a bandwidth of, for example 
1 GHz around the differential frequency. Typical values for the. 

15 differential frequency Af of the first and second carrier signals tsl, 
ts2 lie in a range greater than one Gigaherz . 

An exact separation of the first and second sideband modulated signals 
msl, ms2, which are transmitted with polarizations orthogonal to each 
20 other, is thus realized at the receiving end by the arrangement shown 
in Figure 1 . 

Figures 2a to 2d show several diagrams of typical power spectra or 
distributions PSD, as applicable, plotted against the frequency f, for 
the first and second optical sideband modulated signals msl, ms2 , By 
way of example, this is shown for the transmission of two optical data 
signals dsl, ds2, which are in the NRZ data format, using the single 
sideband modulation method at a transmission rate of 10 Gbit/sec in 
each case. The first optical sideband modulated signal msl is shown in 
each case as a continuous line, and the second optical sideband 
modulated signal ms2 is shown in each case as a dotted line. 

Figure .2a shows, by way of example, the power distribution PSD against 
the frequency f for a first and a second sideband modulated signal msl. 
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ms2, for which the first and second carrier signals tsl, ts2 
respectively, have the same frequency fT=fi=f2. In addition, the two 
single sidebands selected for the transmission of the first and second 
data signals, dsl, ds2, are mirror symmetrical. 

5 

In Figure 2b the first and second sideband modulated signals msl, ms2, 
again have respectively a first and a second carrier signal tsl, ts2, 
with the same frequency fT=fi=f2/ whereby the the first and data signal 
dsl, dsl, are modulated onto the identical single sideband. 

10 

Figure 2c shows the power distribution PSD of the first and second 
optical sideband modulated signals msl, ms2 , against the frequency f 
for the case in which the first and second carrier signals tsl, ts2, 
are offset by a differential frequency Af , and Figure 2d shows the 
15 resulting spectrum for the application situation shown in Figure 2c. 

Figure 3 is a diagram showing on a logarithmic scale [dB] a graph of 
the amplitude AV of the spectral component determined, for example the 
power amplitude of the filtered first and/or electrical signal eslp, 

20 es2F, as a function of the polarization angle pa, when there is a 

frequency difference Af= 10 GHz between the two carrier signals tsl, 
ts2 . The abscissa of the plot in this diagram is the polarization angle 
pa, and the ordinate is the amplitude P. The graph of the amplitude AV 
exhibits a maximum MAX at a polarization angle of pa = 45°, i.e. for a 

25 polarization offset between the first and second electrical signals 

esl, es2, of 45° the spectral component at the differential frequency 
Af which arises due to the squaring characteristic of the first and/or 
second opto-electrical converter RXl, RX2 has a maximum MAX. This 
maximxim MAX for the spectral component at the differential frequency Af 

30 declines with both an increasing and a decreasing polarization offset 

between the first and second electrical signals esl, es2, and reaches a 
first minimiim MINi at 0° and a second minimum MIN2 at .90°. At the first 
and second minima, MINi, .MIN2, the first and second sideband modulated 
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signals msl, ms2, transmitted within the optical modulation signal oms, 
have an optimally orthogonal polarization, so that they can be almost 
perfectly separated using the polarization splitter PBS. Here, when the 
first minimum MINi occurs at a polarization angle of pa = 0^ the 
5 modulated signal with one polarization, for example the first modulated 
signal msl, is perfectly captured, and when the second minimum MIN2 
occurs at a polarization angle of pa = 90° the modulated signal with 
the other polarization, for example the second modulated signal ms2, is 
perfectly captured. All other polarization angles pa are unwanted for 
10 the control, and lead to crosstalk when the first and second modulated 
signals msl, ms2 are separated out. 

The delay, for example to the second sideband modulated signal ms2, 
effected with the help of the delay element D which is provided 
15 optionally in the transmission arrangement SA, gives the feedback 

criterion shown in Figure 3 even greater contrast, by which means an 
even sharper control signal rs can be formed in the control unit CU. To 
this end, the first or second sideband modulated signal msl, ms2, can 
optionally be delayed with the help of a further delay element D. 

20 

In addition, both the first and/or the .second filtered electrical 
signal eslp, es2F, can be analyzed for the purpose of forming at least 
one control signal rs . 

25 In addition to the above, it is possible to carry out an additional 

filtering of the first and second electrical signals esl, es2, at other 
frequencies apart from the differential frequency Af , using the first 
and second filter units FUl, FU2 or further filter units, in order to 
obtain further data about the polarization of the first and second 

30 electrical signal esl, es2 . These additional items of data can then be 
further processed for the purpose of increasing the contrast of the one 
or more control signals rs. 



For the purpose of distinguishing at the receiving end between the 
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first and second electrical signals esl, es2, separated out by means of 
the polarization splitter PBS, the first and the second data signals 
dsl, ds2, can be transmitted at different bit transmission rates, or 
alternatively at the transmission end at least one pilot tone signal 
5 can be superimposed on the first and/or the second carrier signals tsl, 
ts2, or on the first and second modulated signals msl, ms2 . In this 
situation, the first and second electrical signals esl, es2, can be 
identified as such, either by the determination at the receiving end of 
the bit transmission rate of each of the electrical signals esl, es2 , 
10 or by the identification at the receiving end of the pilot tone signal, 
and can then be subject to further signal-specific processing. 

In addition to the above, it is possible at the receiving end to 
distinguish the first and second electrical signals esl, es2, separated 
15 out with the help of the polarization splitter PBS, by the use of 

different bit transmission rates for the first and second data signals 
dsl, ds2. Alternatively, it is also possible to transmit the first and 
second data signals dsl, ds2 in different data formats, for example RZ 
and NRZ, for the purpose of distinguishing them at the receiving end. 

20 

Fur the purpose of further raising the bandwidth efficiency of the 
optical transmission system OTS, wavelength multiplexing technologies 
can be used. 



